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TITLE Cloud Chamber Investigation of the Electron—Photon Ceoniponsnt of AW 
tensive Air Showers at Sea Level 
(Issledovaniye elektronno-fotonncy komponenty shiroxikh atmosfernykh 
livney na urovne m@rya pri pomoshchi kamery Vilsona. Russian) 
PERIODICAL Zhurnal Eksperim, i Teoret. Fiziki 1957, Vol 33, Hr 2 (8), pp 358 - 
~ 364 (USSR) 


ABSTRACT By means of a Wilson chamber located atsea level the energy spectrum 
of the electron~photon component, of a broad atmospheric shower with 
different numbers of particles and different axis spacings was in- 
vestigated. a dependence of energy spectra of the nunber of particles 
in broad showera was not observed. In a large distance from the gho- 
wer axis the energy spectrum becomes "softer". The experimentally 
found shire of high-energy electrons in different axial spacings can~ 
not be brought into line with the number computed by means of the 
cascade theory. 


For .an axial spacing of 2 - lo m the spatial distribution of the ener- 
gy flow, of the electron-photon component of the shower can be appro- 
ximated by the law r79 .n = 2,0 + 0,5. 
Card 1/2 (With 2 tables, 5 illustrations, and § Slavic references). 
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AUTHORS: Kulikov, G. V., Khrintiansen, G. B. SOV /56-35-3-11/61 
esis PA le fae : 
. TITLE: On the Spectrum of Extensive Atmospheric Shovers 
Corresponding to the Nurber of Particles (0 spektre 
onirokikh atmosfernykh livney po chislu ehastits) 


PERIODICAL: Zhurnal el:sperimental'noy i teoreticheskoy fiziki, 1958, 
Vol 35, llr 3, pp 635 - 640 (ussR) 


ABSTRACT: In the present paper the authors describe the ex- 
perimental results concerning the distribution of air 
showers with respect to the number of particles; 
investigations were carried out in May 1954 on seae 
level. They concerned showers with a total number of 
2.104 - 2.107 particles. The hodoscope- arrangement 
of counters used igs schematically shown by figure 1 
and is deseribed in the following, The clectronic 
computer of the computation center of MGU (Moscow 
State University) was available for the purpose of 
solving mathematical problems. The measuring space 

Card 1/4 was divided into 3 concentrically arranged ranszes; 
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1) central range, circular in shape, S,=78n° (for 

a 
n> 8.104); 8,=460n°, quadratic (for NY 1,6.107) and cc 
S=576m°, also quadratic (for still larzer N)(Pro- 
bability of recording > 9538). Figure 2 shows the 
results anes by this work aa well as those of 
reference 7 (10°¢Nd108) in form of a diagram in double 
logarithmic acale. It shows the connection between 
the number of showers F (with & number of particles 
>N) with N. (F(cem-2sec7 sterndian"'J), For the range 
10°<n& 10° the following wags found: Number of particlas N 
in the shower 


0,8.10° 1,6.10? 3,2.10° 6,4.102 8,0.10? 12,6.102 


Number of 

showers with 

number of par- 

ticles DN 157 276 138 46 24 6 
Tae results show that in the case of numbers of particles 
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On the Spectrum of Extensive Atmospheric Showers S0V/56-35-3-15/61 
Corresponding to the Number of Particles ‘ 


: varying in range between 10° and 10! the probability 

“s for the occurrence of an irregularity in the shower 
size distribution curve is very great. Theoretical 
deliberations pecn to show that for cosnic rays with 

_ energies > 1016ey 4 Galactic or metagalactic origin 

May be assumed. In conclusion the authors thank 
Professor §.N.Vernov for his valuable advice and 
discussions, G.S.Roslyakov for supervising work at 
the computation center of NGU, and V.I.Solov'yveva and 
D.S.Stel'makh for their cooperation. There are 2 figures, 
1 table, and 12 references, 8 of which sre Soviet. 


ASSOCTATION: Noskovskiy gosudarstvennyy universitet (Moscow State Uni- 
versity) 


SUBMITTED: April 22, 1958 
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RULIROY, G. V, 


A STUDY OF THE SPATIAL DISTRISUTICN FUNCTION OF SLECTRONS AND LHE DENSITY OF 


ENERGY FLUX OF TEE SLECTRON.PHOTON COMPONENT IN EXTENSIVE AIR SEOWERS 
N.N. Goryunov, V.A. Dmitriyev, G.V. Kulikov, Yu, A. Nechin, G.8. Khristiansen 


1. The spatial distribution of density of energy flwes of tha electron. : 
photon component was determined from transition curves in leai obtained for & 
ditferent distances from the shower axis; the spatial distribution of particle 
fluxes was obtained by the method of correlated hodoscopes, 


2. The spatial distribution of the density of energy flux of the electron- 

photon component was obtained up to r = 60 m from the, shower axis in extensive 
air showers with the total number of particles N=10'-~2x 10°. The form of 
the function is independent of the strength of the shower and, if 


we approxi. 
mate this function by a power law of the type rf, we obtain 
neil.2 ~ 0.2 0.3 m4 r41m 
neil1.5 = 0,2 Lm rd10 m 
n= 2.0 10.3 lo mZ re6om 


Report presented 


at the International Cos:tic Ray Conference, Moscow, 6-11 
July 1959 
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GEN*RAL DESCRIPTION OF TIE MOSCOW UNIVERSITY ARRANGEMENT 0 THE STUDY OF 
TATENSIVS AIR SHOWERS AND PRELIMINARY RESULTS OBTAINED Bz IT 


5.N. Vernov, G.B. Khristiansen, A.T. Abrosimoy, N.ii. Gorvunov, V.A, Dmitriev, 
S.V, Kulikov, Yu.A, Nechin, S.P. Sokolov, ¥.I. Soloveva, K.I. Soloviev, 2.8. Stru- 
S) valsky, B.A. Khrenov 


1, In late 1957, at the Moscow State University an arrangement was put into opera- § 
tien for multipurpose studies of extensive air shovers of cosmic ras. 


2. The arrangement is a complex assembly of simulareously ope~sting piystcat 
instruments (some 5000 Geiger-Muller counters covering an ar:a of over 100 m » and 
some 150 ionization chambers of various shapes covering a total area of 13 m2, and 

a diffusion chamber of area 0.6) 12) and appropriate electronic equinment and shoto- 
Graohic devices to record tie instrument readings when an extensive air shower passes 
trough the arrangerent. Most of this equipment is located in a specially erected 
building. Three rooms of theis building (-60 sq.m. in area each) have a light roofing 
of not more than 1.5 g/cm2 and two rooms (25 m2 and 80 m2) are situated underground 

at a depth corresponding to 20 and 0 metres water equivalent, 


report presented at the International Cosmic Ray Conference, Moscow, 6-11 July 1959. 
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SEA-LEVEL STUDIES OF THE HIGH.ENERGY NUCLEAR-ACTIVE COMPONENT OF 
eo EXTENSIVE AIR SHOWERS 
5, N. Vornov, N. N. Goryunov, V. A, Dmitriyev, G. B, Kulikov, Yu. A. 


Nechin, G, B, Kristiansen Te 


1. High-energy mclear-active particles were detected by large bursts produced 
in jonization chambers by these muclear-active particles during passage through 
a composite filter of lead and graphite. ‘he use of a composite filter permits 
firstly, of separating, in the best possible fashion, the ionization produced 
in the chambers by the electron-photon component (which appears in the filter 
due to miclear-active particles) from the ionization created by the electron- 
photon component of the shower coming from the air, On the other hand, the use 
of such a filter gives rise to a Situation when the ionization in the chambers 
turns out to be proportional to the total energy transferred from the mclear- 
active particle to the electron-photon component in the filter, So, the energy 
of a nuclear-active particle can be determined from the burst in the ionization 
chamber on the basis of rather general considerations, 


Report presented at the International Cosmic Ray Conference, Moscow, 6-11 July 1959 
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THe SPECTRUM OF EXTENSIVe ATR SHOWERS ACCORDING TO THS NUMdeR OF PARTICLES: THK 
COSFFICIZHT OF ABSORTION OF &ATENSIVe AIR SHUAEHS 
G.V. Kulikov, N.M. Nesterova, 5.1. Nikolsky, G.8. Khristeansen, A.K. Chudakov 


1. Utilizing the mathod of correlated hodoscopas, which permits determicing the 
position of the axis and the number of particlas in a shower, wa have obtained 
data on shower spectra level and at sea level. 

2. At 3860 m above sea yevel and_the the interval of particle-number variation 
in the pe frou 3 x 10° to 10? » thespectrum 43 well approximated by power 
law N74, where \= 1,6-0,1. At sea level thers is a greaher probability that 
the spectrum will be irregular in the range 10% N = lof (for 10% %<10 
A=2,Y20.2, and for N©10? =X = 1.5-0.2. 

3. The shower absorption coefficiant obtained from a comparison of absolute 
humoer of showers with a number of particles greater than that given at 
mountain altitude and at sea level, amounts toj/1/(160-20) g/cm - 


Report presented at the International Cosmic Ray Conference, Noscow, o-11 July 1959 
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AUTHORS: | Kulikov, Gs Vs, Nesterova, N. M., Nikol'skiy, S. I., So- 
~ Tov"yeva, V. I., Khristiansen, G. B., and Chudakov,Aé.Ye. 


TITLE: Number spectrum of extensive air showers at altitudes of 
200 and 3860 m above sea level 


SOURCE: International Conference on Cosmic Radiation. Moscow, 


1959. Trudy. v. 2. Shirokiye atmosfernyye livni i kas- 
kadnyye protsessy, 87-91 fo 


TEXT: Number spectra of extensive air showers were investigated in 
detail at the Physics Institute of the AS USSR and at Moscow State 
University. The spectra were investigated at an altitude of 3860 m 
and at sea level. Those at sea level were studied over a range N = 


= 410° to 3-10!, For showers with small N (10? to 5.104), the sta- 
tistical method was used. The apparatus incorporated hodoscoped 

Geiger-Miiller counters, whose disposition is shown in a figure. The 
experiments yielded the number of anti-coincidences n per unit time 
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¥ for counters of different o; (co varied between 0.4 and 1.65+107*m*), e 


By comparing the measurements and the calculations, the integral 
spectrum of the showers was obtained: F(>N) = 2.56107 276 1+4940.05 


cm” sec™', with N = 4+10° to 10°, For large N, the spectrum was ob- 

tained by individual study of the showers, at sea level. For this a 

purpose, the majority of the counters were disposed in a circle. 

The position of the axis and the number of particles in each shower 

were determined by means of the electronic computer "Strela". There- 

4 5 
to 8-10 


upon the integral spectrum was found for N = 8-10 » Viz. 


os re ee 1 
F(DN,0) = (1,95 + 0,14)-10° 10 97>"? om “sec sterad 
10 


Both series of measurements coincide in the range N=10°, In order 
to determine the absolute number of extensive air showers in the 
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range N>10!, the apparatus was divided into 4 groups of counters. 
Further, extensive air showers were studied at an altitude of 3860 
m. The apparatus was controlled by photomultipliers, recording the 
Cherenkov radiation A Abstractor's note: See article on p. 47, this 
Trudy. 7. The shower axis and the number of particles were deter- 


mined by means of a simulator. Showers with N = 2.104 to 10! were 
investigated. From the obtained results, the integral spectrum of 


showers with N = 2.59104 to 1.3910! was constructed, viz. 


ttf y7h 118080515) =p an 
F(>N,O)= (4,6 + 1,4)-10 (5) cm “sec sterad 
1 


The absorption length A of showers was also determined; for showers 


with N 10°,A= 156 + 22 gm/cm*, There are 4 figures and 2 Soviet- 
ploc references. 


Card 3/4 


APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000927420009-8" 


"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000927420009-8 


SARE TET RS 


31522 
8/627/60/002/000/004/027 
Number spectrum of 46 D299/D304 


Fizicheskiy institut im. P. N. Lebedeva AN SSSR (Phy- 
sics Institute im. P. N. Lebedev AS USSR); Nauchno~ 
issledovatels'kiy institut yadernoy fiziki MGU (Sci- 


entific Research Institute of Nuclear Physics Moscow 
State University) 
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® AUTHORS : Vernov, S. N., Goryunov, N. N., Dmitriyev, V. A., Ku- 
likov, G. V., Nechin, Yu. A., Solov"yeva, V. I., Stru- 
gal'bkiy, Z.S., and Khristiansen, G. B. 


TITLE: Study of lateral-distribution function of charged par~ 
ticles and of the energy density of the electron-photon 
component of extensive air showers 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. v. 2. Shirokiye atmosfernyye livni i kas- 
kadnyye protsessy, 117-122 


TEXT: The data obtained by means of the diffusion chamber and the 
hodoscoped counters permit determining the particle distribution in 
the neighborhood of the shower axis as well as at large distances 
from it. These data can be used for determining the number of par- 
ticles and the position of the axis to an accuracy of approximately 
1 m by means of the hodoscoped counters, and to an accuracy of se- 
veral centimeters if the axis lies within the limits of the diffu- 
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sion chamber. The electron=photon component at large distances from 
the axis was studied by means of large ionization chambers, shiel- 
ded with lead. During 1000 hours of operation, 28 cases were re~ 
corded of the axis (of showers with number of particles N3710°) 
passing through the core detector, All these showers were investi~ 
gated in detail with respeot to distribution and energy of par- 
ticles. The cases most favorable for analysis are those, in which ] 
the shower axis lies in the diffusion chamber. In all, 7 such ca- 
ses were recorded. For each of these showers, the lateral-distri- 
bution function of partiole density was constructed for distances 
ranging from 5 om to 1 m from the shower axis. It was found that the 
form of the distribution funotion varied from shower to shower in 
the core region. In that region, a peculiar feature of particle 
distribution was observed, namely a narrow beam (4 cm in diameter) 
of particles, consisting of a large number (4 to 15) of particles 

me with collinear tracks, From data obtained by means of the hodoscoped 
counters and knowing the position of the shower axis, it is poss- 
ible to construct the distribution function of charged particles up 
to a distance of r = 25 m. from the axis, for each individual 
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shower. Then the experimental distribution functions were compared 
with the theoretical functions of Nishimura and Kamata. The re- 
sults of the comparison are shown in a table. A difference was no~ 
ted in the form of the distribution of the energy flux of the el- 
ectron-photon component in the individual shower at a distance of 
revim, and at large distances from the axis; this is due to lo- 
cal fluctuations in the form of the energy distribution in the core. 
In each of the investigated showers, the energy flux of the elec- 
wron-photon component was found within a radius of 25 m3; it turned 
out that the electron-photon component energy-flux was stronger 

(on the average) in showers with small 8, than in chowers with oe 
large s (s being the "age parameter"). The system of counters per- 


mitted recording showers with number of particles N= 104 to 10", 
The data yielded by the diffusion chamber were used for construct- 
ing the distribution function for distances r¢1 m from the shower 
axis. The conclusion was reached that the form of the electron-~ 
photon energy diatribution-function does not depend on the number 
of particles in the shower. Therefore, all the data were referred 
40 a shower with same N, and the average energy-density distribu- 
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tion constructed. Approximating this distribution by a power law of 


type ya one obtains for the exponent n the following values (as a 
function of the distance r from the axis): 


ns 1,2 + 0,2, 0,1¢rZi mo ae 
n= 1,5 + 0,2, 1¢r 10 m 

n = 2,0 + 0,3, 10€r 60 m 

n= 2,6 + 0,2, 60€r<1000 m 


Further, the mean energy per electron was obtained from experimen- 
tal and theoretical values (based on the cascade shower theory) 

of the mean energy as a function of r showed a discrepancy which 
can be removed by taking into account the effect of nuclear scatter- 
ing. The experimental values permit calculating the energy of the 
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electron-photon component, viz. E, mee 2.5 BN, where B denotes the | 


mean energy loss per unit of depth t. There are 2 figures, 1 table 
and 6 references: 5 Soviet-bloc and 1 non-Soviet-bloc. The referen- 
ce to the English-language publication reads as follows: J. Nishi- 
mura, K. Kamata. Suppl. Theor. Phys., no. 6, 1958. 
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AUTHORS: Vernov, S. N., Goryunov, N. N., Dmitriyev, V. A., Ku- 
likov, G. V., Nechin, Yu. A., and Khristiansen, G. B. 


TITLE: Study of high-energy nuclearactive component of exten- 
sive air showers at sea level 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959, Trudy. v. 2. Shirokiye atmosfernyye livni i kas- 
kadnyye protsessy, 123-131 


TEXT: The high-energy nuclearactive component was studied by the 
apparatus of Moscow State University. The nuclearactive component 
was detected and measured by means of hodoscoped counters and ioni- 
zation chambers. The processed hodoscope data permitted determining 
the total number of particles N and the distance R, of the shower 


axis from the ionization chambers. Part of the data were processed 
by the clectronic computer of Moscow State University; thereby the 
number of particles was determined to an accuracy of approximately 
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20%, and the position of the axis to within 0.25 m, provided it fell 
inside the area of a detector of 4 m@, The joint processing of the 
data of the hodoscope and ionization chambers yielded the mean ener- 
gy of the nuclearactive component of showers of various number of 
Particles, the energy spectra of the nuclearactive particles in the 
central part of the shower, the lateral distribution of the energy 
flux carried by the nuclearactive component in the central part of 
the shower and the lateral distribution of the nuclearactive par- 
ticles. Showers, whose axes were at a distance of less than 10 m 
from the detector of nuclearactive particles, were selected for fur- 
ther study. These showers were divided into 4 groups according to 
number of particles; over 1000 such showers were investigated. The 


integral spectra of nuclearactive particles of energies Bago" ev. 


were obtained for the 4 groups. The integral spectra of nuclearac- 
tive particles, averaged over the showers of all the groups, can be 
approximated by an exponential function with exponent y= -1.0+0.2. 
For showers with large N (group 4), the value of X sho 8 a decreas- 
ing tendency. The space distribution of the energy flux near the 


Card 2/4 


APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000927420009-8" 


R000927420009-8 


31x 3 aoa aareeaaiee 
BPRS PTS POAT Eg Ee, RS 


"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513 


1527 
s/s21/26/002/000/009/027 
Study of high-energy --- D299/D305 


axis can be approximated by an expenential function with exponent 
n=- 1.5 + 0.2. A typical correlation was established between the 
electron-photon and the nuclearactive components of cores of the in- 
dividual showers, namely showers with an electron-photon component 
of an energy much higher than the average, have (as a rule) a nu- 
clearactive component of lesser energy. The converse was also ob- 
served. The measurements gave direct evidence of the presence of nu- 


clearactive particles of high-energy ww10!4 ev.) in showers at sea 
level, and of the considerable importance of the nuclearactive com-=- 
ponent in the energy balance of the shower. The nuclearactive com~ 

onent in the central part of the shower carries an energy which is “a 
ton the average) almost as large as the entire energy of the elec- 


tron-photon component at the level of observation. The presence of | 
considerable energy in the nuclearactive component affects the ab- 
sorption of particles in the shower. The development of individual 

showers can differ considerably, as the magnitude of the energy of 

the nuclearactive component differs considerably in the individual 

showers. The main contribution to the energy flux carried by the nu- 
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clearactive component within a circle of given radius is made by 
high-energy particles, whose lateral distribution is such that, on 


the average, all the particles with energy >i0!2 ev. are contained 


in a circle of radius r = 1m. The distribution of the energy flux 
carried by the nuclearactive component showed that this flux is L 

fairly widely distributed. Further, the transverse momentum im- 

parted to the particles (during their generation), was estimated. 

The nuclearactive component of showers with N = 104 to 10° at sea : 
level carries an energy of 0.5 to 1.0 of the total energy, carried s 
by the electron-photon component. As a result of the energy fluctu- 
ations of the nuclearactive component in the individual showers, the 
development of the showers fluctuates, too. The distribution of the 
energy flux of the nuclearactive component over a region of 1<r<20 m 


near the axis is described by the law p72t0.25, such a distribution 
Should affect the characteristics of the soft component. There are 
4 figures, 1 table and 10 references: 9 Soviet-bloc and 1 non-So~ 
viet-bloc. The reference to the English-language publication reada 
as follows: J. Nishimura, K, Kamanta.Suppl. Prog.Phys.,no.6, 1958, 
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SOV /56-36-4-2/70 
Vernoyv, S. N., Babetskiy, Ya. S., Goryunov, N. N., Kulikov, G.¥, 
Nechin, Yu. A., Strugal'’skiy, Z. S., Khristiansen, G. By ™ 


On the Structure of the Core and the Central Regions of Extensive 
Atmospheric Showers at Sea Level (0 strukture stvola i tsentral'- 
nykh oblastey shirokikh atmosfernykh iivney na urovne morya) 


Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, Vol 36, 
Nr 4, pp 976~984 (USSR) 


The object of the present paper was an experimental investi- 
gation of the spatial distribution cf the energy flux of the 
electron-photon and the nuclear-active component in the core 
and the central regions of extensive air showers; the present 
paper is a continuation of an article published in the pre- 
ceding issue of this periodical (Ref 1), in which the method 
and tne experimental arrangement were already described. 
Figure 1 is a schematical representation of the chamber system 
with the distribution of hodosvopo counters. The counters were 
located in groups of 12 and 24 in containers, The ionization 
chambers had a total area of 4 m@. In the course of the 1800 
hours during which the apparatus was in operation, about 18000 
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showers were recorded, with particle mambers of between 10° and - 
20°, and axes which were at a distance of up te 30 m from the 
syatem of ionization chambera. From the manifcld material ob~ 
tained by these investigations the spatial distribution obtained 
for individual showers or groups cf showers (classification 
according to particle number N) are analyzed. For spatial 
particle flux density it holds that o(r) ©2.107 N/r for r¢10m, 
for the energy flux density: Qa(r)wr. For shower groupa cf 


different sizes (QN from 1.0.10" - 5e0.10°. up to 5.10° - 5.107) 
table 1 shows how many of the total of 82 investigated showers 
correspond to certain n-values (from40.8 to 3.2 - 3.4). 

Figure 2 (a,b) shows the spatial distribution of the energy 
flux of electrcn-photon and nuclear-active components of two 
aifferent shower groups, figure 3 shows the energy spectrum of 
the nuclear-active component in the shower cores, and figure 4 
shows the distribution of the absolute values of the energy 
fiux cf the electron-photon component in a circle with the 
radius 1.5 m round the axis of a shower with N +» 10? particles. 
The diagram is characteristic of the strong oscitlations ob~ 
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served. Figure 5 finally shows the spatial energy flux distri- 
bution within the range of from 0.1 to 30 ms; the measured values 
(in a semilogarithmic diagram) are practically on a steeply de- 
clining straight line. Thus, the following is obtained for the 
electron-photon component: 
Qi ase? at O.1 mér¢2.0 mM 

Ce-ph ~ 1/xr? at 2.0 mérd30 mn 
and for the nuclear-active component: Ona W/E at 0.2m “rd30n. 


Figure 6 again shows the spatial distribution of the absolute 
values of energy flux in a distance of 10 m from the shower cores 
like within the range of the core itself, oerillationg are con- 
siderable. The authors finally thank G. T.Zatsepin id I. P. Iva- 
uenko for advice and discussions. There are 6 figures, 3 tables, 
and 3 Soviet references. 


ASSOCIATION: Institut yadernoy fiziki Moskovskogo gosudarstvennogo univerai- 
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S0V/56-36-4-4/70 
Dmitriyev, V. A., Kulikov, G. V., Massal'skiy, Ye. I., 
Khristiansen, G. Bo 


The Spatial Distribution of the Energy Flux of the Blectron- 
Photon Component of Extensive Atmospheric Showers (Prostranst~ 
vennoye raspredeleniye potoka energii elektronno-fotonnoy kom~ 
ponenty shirokikh atmosfernykh livney) 


Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, Vol 36, 
Nr 4, pp 992-1000 (USSR) 


In the present paper the authors report on the results obtained 
by measurements carried out between June 1957 and February 1958 
at sca level by means of a davice for the complex investi- 
gation of extensive air showers. The device ig at present in 
operation at MGU (Moscow State University). It is described in 
detail and is illustrated by figure 1 in form of a schematical 
drawing. The ionization chambers used had a diameter of 25 cm 
and a length of 1m, the total area covered by them amounting 
to 3 m@; they were filled with very pure argon, pressure 3 atm, 
and were enclosed on all sides by filters. The counters, each 
of 330, 100, and 18 cm*, were arranged in groups of 24 and were 
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arranged in such a manner that they operated simultaneously 
within a range of distances of 1 ~- 50m from the shower axis. 

A total of 2000 Geiger-Mueller counters in hodoscope connection 
(GK-7) was used. Showers with particle numbers of from 

1.104 to 2.10° were investigated. The showers were divided into 
groups with the average particle iaubera e1 S40"; 2.104, 546.104, 
2.107, 5.72402 and > 10° for the 6 N,-groups- For energy flux 


density it holds that qe, = n(t) { Bat and for + = 8 
ta Pp E J 

CE = 

of these curves for the N ,-group). n(t) denotes the particle 


° 
‘ n(t)Bdt + [ Bn(t-B)exp(~,t)at (Figure 2 shows the course 


number in dependence on the penetration depth t; and @ denotes 
the average energy loss per t-unit. Figure 3 in semilogarithmic 
scale shows the course of energy flux density for the groups 

N. - N.. Further diagrams show the dependence of electron- 


1 9 


photon component energy on the distance from the shower axis r 
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and on N. Further data concern investigations of the meson 
component. For r-.6 m it holds that 

Vy 
act 107° | ae oarar = 723.1074, c= 2.107 JAE. (< 6m) ~ 
. O05 TK ? 
6.005 *“ol-ph 
energy flux. For the electron-photon component the following 
holds for ni n= -1.5+0.2 at in«r<8n and 

n= -2.0 + 0.3 at 10m<r<¢50n. 

The spatial energy distribution function of this component does 
not depend on N for showers with the total particle number of 


= 10° - 10°, The spatial distribution of the energy fluxes 
in the central part of the shower egrees with the cascade 
theory calculations in the case of a cascade paraneter g= 1.2 
peing used. It was further found that with an increase of 
distance from the shower axis the energy flux of the electron- 
photon component decreases more slowly than the energy flux 

of the nuclear-active component. In a circle with the radius 


(46m) for the share of the muon component in 
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of 50 m about 1536 of the total energy of the electron-photon . 
component of the shower is contained. The authors finally 
thank S. N. Vernov and G. T. Zatsepin for their great help, 
I. P. Ivanenko for discussions, and V. I. Artemkin, L. A. Di- 
karev, V. N. Sokolov, K. I. Solovfyev, and D. S. Stel'makh 
for assisting in measurements and in the evaluation of data. 

i There are 5 figures and 13 references, 9 of which are Soviet. 


ASSOCIATION: Institut yadernoy fiziki Moskovskogo gosudarstvennogo uni- 
‘ versiteta (Institute for Nuclear Physics of Moscow State 
University) 
SUBMITTED: September 15, 1958 
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DMITRIYEV, V.A.3 KULIKOV, G.V.3 KHRISTIANSEN, @.B. 


Investigation of high-energy nuclear-active particias at sea 
lavel. Zhur.eksp.4 taor.fiz. 17 no.4:893-905 O '59. 
(MIRA 13:5) 


1. Institut vadernoy fiziki Moskovskogo gosudarstvennogo 
univeroiteta, 
(Cosmic rays) 
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VERNOV, S.N.; GORYUNOV, N.N.; DMITRIYEV, V.A.; KULIKOV,C.V.; NECHIN, Yu.d.; 
KHRISTIANSEN, G.B. : = s 
Function of the spatial distribution of a flux of charged particles 
in an individual extensive air shower. Zhur. eksp. i teor. fiz. 38 
no.1:297-298 Jan '60, (MIRA 14:9) 


1. Institut yadernoy fiziki Moskovskogo gosudarstvennogo universi- 
teta. 
(Cosmic rays) 
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s/056/60/039/002/042/044 


B006/B070 
AUTHORS: Vernov, S. Noy Ivanenko, I. P., Kulikov, G. Ves 
Khristiansen, G. Be o Rare 
TITLE: The Nature of the Particle ae a the Core of an Extensive 
; air Shower /4 Se 
PERIODICAL: Zhurnal eks perimental 'noy 4 teoreticheskoy fiziki, 1960, 
Vol. 39, No. 2(8), pp- 509 - 512 ee 


TEXT: In an earlier paper (Ref. 1) the authors communicated their 
investigations of a shower core by means of diffusion chamber. They found 
that narrow beams consisting of 4-15 particles appear, and the beam 
trajectories are collinear. These particle beams are, either, cores of 
electron-photon avalanches released from ™ -mesons, oF groups of high- 
energy muons. Which of these alternatives is correct, is now investigated. 
In the present paper, the authors show that the latter is much more 
probable. The first assumption is discussed in detail, and the experiment 
and its results are analyzed from this stand-point. The observed number 
of particles in the beam can only be released by primary particles whose 
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The Nature of the Particie Beans in the Core 5/056/60/039/002/042/054 
of an Extensive Air Shower B006/B070 


energy EB, >10'° ev. The energy spectrum of electrons and photons in the 


avalanche at a depth of 2t-units had the following form (N - number of 
particles released by particles with E, = io! ev): 

E 9 19/0 101! 

Nj (>) 2.5 0.5 

Nonot ( 7 5) 4.0 0.8 


For their experiments, the authors used a plate of lead glass (typeT@-1 : 
(TF-1)) with high lead content. This plate covered one half of the L~ 


diffusion chamber. 850 hours of measurement were made in the open chamber 
and 440 hours in the closed one. The actual number of particles observed 
in the showers is much smaller than that which would be expected if the 
first assumption on the nature of the collinear beam were true. Experi- 
ments performed with diffusion chamber, arranged above two rows of 
lonization chambers, gave similar results, The second assumption, that 


the observed beam consists of “-mesons, is then briefly discussed. For 
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Eau 101? ev, a value 0.3 per muon is obtained for the probability of 
electron-positron pair production in the filter of lead+graphite 

(~10 t-units over the second row of ionization chambers). The number of 
particles in the avalanche cores recorded in the second row of chambers, 
Ca inAE, agrees with the number of pair production calculated from 


muons (b.,)8 LY 
QE ev 2.10? 2.107 - 2.10°° 2.10! 

oy 39 7 2 

$. 40 5 3 


Also the absence of multiplication on the passage of the beam through 
0.8 t-units of lead glass agrees with the assumption that a high-energy 
muon beam is concerned. The authors thank L. G. Smolenskiy and 

B. A. Zelenov for help in the experiments and 5. F. Semenko for help in 
the calculations. There are 1 table and 5 Soviet references. 


ASSOCIATION: Institut yadernoy fiziki Moskovskogo gosudarstvennogo univer- 

siteta (Institute of Nuclear Physics of the Moscow State University) 
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TITLE: The primary cosmic-ray component at superhigh energies and 
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PASC aEY 


PGRIODICAL:  Akadoniya nauk SSSR. Tsvestiya. Seriya fisicheskays, 
ve 26, now 5, 1962, 651-657 


QEXT: The paper ia a report on experinenta with the Moscow University 


large apparatus (area 4-104 a?) for comprehensive studies of extensive 
air showers induced by high-energy cosmio particles. Thd charged-particle 
detectors (Geiger counters in hodoscope arrangemont) cover an arca of 


q 110 2, the muon detectors (2-3 countor layers shielded with lead and iron, 
in hodoscope arrangement) more than 12 a, 6.3 n* of which are under 
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3/048/62/026/605/014/022 
The primary cosuio-ray component «+. B102/B104 


40 a water equivalent. The nuclear-active-particle detectors form a 
system of 128 fonization ohanbers (8 m@) shielded by lead and graphite 
filters. The number of nuons produced in-chargad-pion decay was 

eoticated (the pions were assumed to be forned in Ganza-quantus 
photoeffect on nuclei of air atons)s n{(z) < WB /1-8(1-<)z, a4 0.5, 

“5 < 1077; for zE™ 1018 oy and EB, = 10'° av (x = 0.5), xt(10!'°) < 103, 
The nunber a of muons in nuclear showers was measured. For showers with - 
Xo = 7°10° a mean number of B+104 muons with E > 10'° ev is to te 

expected. The spatial muon flux distribution was determined for these 


two types of showers (en and Gh) In the case of a simple model of air 


shower production (Suppl. Nuovo Cimento, 2, 649, 1958), an anolysis of 
tha experimental data yields N « ef exp(=xex +x, )/A; E, is the 


energy of tho primary particle, xy is the dopth of ite first interaction, 
.X, 7 Blogz, (x' = depth of observation), N is the total nusber of 
my 
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3/048/62/026/605/014/022 
Tne prinary cosmic-ray component ee. B1G2/3104 


shower particles; tha nusber of muons Sy - ‘255 A = 200 glen, 
B= 30 g/eon® and 420.8 40.1. If the primary energy spectrum has tho 


shape sep ae at fixed N the N. distribution has the shape 
/+3B s 
eh (48 -+-1) 


aii, \ being the mean free path with respoct to inter- 
p } F : 
action. Comparison between experiment and theory yields A» (8545) g/en*, 


as an upper linit. For charged muons their energies (E4) and numbers 
{n..) were measured and calculated for several altitudes H; Wis the 


probability for a charged pion produced at H decays without interacting 
with an air nucleus. The results indicate that in ~ 34 of all cases 
nuclear interaction is accompanied by a production of narrow beans of 
great numbers of charged pions. There are & figures. 


Card 3/4 


SHARES SRST RANT 


APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000927420009-8" 


REPS? 00513R000927420009-8 


"APPROVED FOR RELEASE: 08/23/2000 
STGP IESE SESE SPN SS 7 BES = Pte te wee est tea ae — a sara = ests ae = sae 
_- NSBliy G. Beg ABROSIOV, A. Moz KERENOV, B. Avg ATRASHKEVICH, Ve Bas 4 
a. Ge Voz SOLOVIYEVA, Volley FOMIN, Yu. Ae 


| < 2osmie ray primary radiation of ultra high energy. 


wport aubmitted for the 8th Intl, Yonf. on Cosmic Rays (IUPAP), Jaipur, India, 


el, Jee 1963 


RAAT TTS 


MESSaSESS PEt RIES 


CIA-RDP86-00513R000927420009-8" 


APPROVED FOR RELEASE: 08/23/2000 


CIA-RDP86-00513R000927420009-8 


Rca dE ETEY AG aERIESREG 


"APPROVED FOR RELEASE: 08/23/2000 


‘ 
SED So corat Se Fs BL ey SEE 


ce Ss. in : gS, G. Bey ABROSIMOV, A, Mes ee, DMITRIYEV, V, aA. 
oa ry K.I.3 BELYAYEVA M.F.e3; NECHIN e ‘E ; 
age _ a Gs Ve; FOMIN, Yu, ne ’ 3 g Yu, A 3 VEDENEYEV,0. N. > 


aie of the new data on EAS structure obtained with the aid 
nent of Moscow State University. of the complax 


tl. Conf. on Cosmic Rays (IUPAP) Jaipur, India, 


oS I: 
3¢ 


a, -: rt submitted foe the 8th In 
“wits Doe 1963 


CIA-RDP86-00513R000927420009-8" 


APPROVED FOR RELEASE: 08/23/2000 


ERO FOR RELEASE: oer, ao! 2000 SABES. DOSE SRO 00227 32000". 8 


a Siti Bee 


ges 


Seas ect 


APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000927420009-8" 


"APPROVED FOR RELEASE: 08/2 


Ti TEMES aE SBE NI PAB ATH. 


3/2000 CIA-RDP86-00513R000927420009-8 


or BESET AE 


a 


APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000927420009-8" 


"APPROVED FOR RELEASE: 08/23/2000 . achicha a era 


ESP Perea 


fit B 4019-65 EwO(3)/ewt(n)/rce/? 14 P(o) See 5s ee 
[ACCESSION NR AP5012318 7 - 1R/0048/64/028/011/1886 893 


AUTHOR: Vernov, 8. Ne} Khristiansen, G. B.; Abrosimoy, A. 7.4 Belyayeva, I. Fe} ‘ 
Daitriyey, Vs Ast Kulikov, G. V.j Nechin, Yu. A.j Golov'yeva, V. I.} Khreaov, BeAe o 


cas Rane apy 


TITLE: New data on the study of broad atmospheric showerd bine @ cosplex 
apparatua Ee rt of All-Union 


1-Union Koeting on Cosmic Raya Phroics, held in Moscow ‘ 
from October 4 to 10, 1963 ; / 
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TOPIC TAGS: coesic ray shower, nuclear particle, nuclear phyaies apparatus 


APSTRACT! Exporimente are described that were conducted at Hoocow State University 
00 & Complex apparatus for the atudy of broad atmospheric showers and the nu« i 
meoon component of cosmic rays. The apparatus gave simultaneous inforcation on the 
electron-photon, Mu-meson, and nuclear-nactive Components of broad atmospheric 


showers in each individually. recorded shower. Orig. art. hast 9 grapha, 3 tables. 
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n 
TITLE: Investigations of fluctuations in the development of extensive air showers... 
with a fixed total number of charged particics and a fixed total number of nuons /Re- 
port, Ali-Vnton Conference, on Cosmic May Physice held at Apatity 24-31 August 1964/ 


_sounce: AN SSSR. Izvestiya. Seriya fizicheskaya, v. 29, no. 9, 1965, 1676-1681 


TOPIC TAGS; cosmic ray shower, muon, charged particle, extensive air shower, particle 
ss aaa particle distribution : 


‘ADSTRACT: ‘The authors have employed the modernized installation at Moscow State Uni- 
versity, described elsewhere (8.N.Vernov et al., Izv. AN SSSR Ser. fiz., 28, 2087, 
1964), to investigate the simultancous distribution of total nuaber N of charged por- 
ticles, total number M of muons, and age parameter § in extensive air showers. Show- 
ere were selected for which the renith angle of the axis was leas than 30°. M was de~ 
termined from the number of muons recorded by the muon detector and the perpendicular 
distance of the muon detector frow the shower exis with the aid of the known lateral 
distribution of muons. The relative error in determining M did not exceed 35 &. The 
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error in determining 6 was eatimated to be 0.02 by processing “artificial” showers of 
known age, calculated by Monte Carlo methods. The data Presented wer derived from 
some 300 showers with total numbers of charged particles ranging from 105 to 4 x 106, 
Histogroms are given showing the distribution of showers with respect to N with fixed |’. 
M, with reapect to M with fixed N, with respect to 8 with fixed N, and with respect to 
S with fixed M, and scatter plots are given for N versus 8 with fixed M and for KM ver- 
sus 5 with fixed N. The correlation coefficient of 8 with M for fixed M ranged be- 
tween 0.62 and 0.72; the correlation coefficient of 8 with N for fixed M was - 0.67. 
Orig. art. hess 10 formulas, 4 figures, and 1 table. ; ; 
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TITLE: Primary superhigh-energy cosmic radiation according to data on extensive 
atmospheric showers, ETS. ~ 


SOURCE: AN SSSR, Izvestiya. Seriya fizicheskaya, v. 29, no. 10, 1965, 1876-1880 
TOPIC TAGS: cosmic radiation, muon 


ABSTRACT: Of interest in the investigation of the primary cnergy 
‘spectrum of oosmio rays and thelr composition is the knowledge of 
‘the spoctrum of extensive atmospherlo chowers (e-o.6,) with respeot, 
to the total number Ny of high energy muons (Ey > 1049 ev) and 

the distribution of e.a.s, over the total numbér of the particles 
Ng for a given N,. In this conneotion the authors analyze the 
.primary energy épeotrum of cosmio rays on the basis of experimental 
‘data obtained with a speoial devioe for investigating o.a.c, recor, 
ded with a probability of W20.95. This device makes it possible . 
to determine the total number of oharged partioles in an e.a.s. 
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at tho observation level. An averaged function 9, (R) is plotted 

to determine the spatial distribution N, of the fiona, and, thus, . 

‘the total number of these muons is determined, The distribution : 
of Ng for a given Na ig evaluated on the basis of data on an CoAeGe | 


ON ee 


with N, = (1-2)-10%. The exporimental findings are found to be .+j 
in satisfactory agreement with theory, Thus, on the basisd the: © 
complex whole of the experimental findings, it may be conoluded x 
that the composition of primary cosmio rays in the superhigh- a 
energy region apparently does not significantly differ fron the |. 
composition in the low-energy region, and the y-1ndex of the priw | 
mary energy spectrum is variable rathor than constant, Orig. art. has: 

5 figures. [JPRS] 
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AUTHOR: Vladimirova, M. V.; Batalov, A. A-; Kulikov, I. A.; Shulyatikova, L. G. 


ORG: none i q “% 
TITLE: New method of chemical dosimetry of reactor radiation 

pee) 
SOURCE: Atomnaya energiya, v. 20, no. 6, 1966, 509-510 


TOPIC TAGS: water cooled nuclear reactor, reactor neutron flux, hydrogen, iron, 
radiation detector/ VR reactor 


ABSTRACT: ‘This is an abstract of paper no. 85/3450 submitted to the editor and filed, 
but not published. On the basis of experimental data on the yield of Hp and Fe%t for 
different radiators, the authors have established relations between this yield and 
the linear energy transfer of the recoil 7 quanta and protons in mixed fluxes of fast 
neutrons and y quanta. The dosimetry procedure described is based on determining, 
following equal irradiation time in the reactor, the concentration of the hydrogen 
and trivalent iron in two solutions. One solution is gas-free H2S0, (0.8 N), and the 
other is the same liquid but saturated with oxygen and mixed with FeS0,. Previously 8 
obtained plots of the hydrogen yield against the ratio of the yields and concentra~ 

a tions of Ho and Fe*+ (Atomnaya euergiya v. 17, 222, 1964) make it possible to deter- i 
mine the hydrogen yield for the mixed radiation, and then to calculate the absorbed —— Y 
energy and from it finally the rate of oxidation of iron. The procedure was tested , 
for a mixed stream of @ particles from Po22° and B particles from H® and used for 
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dosimetric measurements in the channels of the YVR reactor. 


A formula for the ratio 

of the 7 and neutron doses in the reactor is obtained. The proposed method for de- 

termining the absorbed energy in water-cooled reactors can be used for the range ‘ 
(0.5 - 5) x 105 rad. orig. art. has: 2 figures and 3 formulas. 
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TITLE: Alpha- and eguseateioete of aqueous solutions of light and heavy water | 
SOURCE: Radiokhimiya, v. 8, no. 2, 1966, 226-232 

TOPIC TAGS: alpha radiation, beta radiation, heavy water, radiation effect 


ABSTRACT: The effect of various substances on the yield of hydrogen ge ne aks 
influence of a radiation (emitted by dissolved polonium) and is) pipe a onhy a Vv 
dissolved tritium) in ordinary and heavy water (De0) containing 3 x 10 : 5 ree 
studied. The criterion of capture of H and D radicals was the value of the 
hydrogen yield. ‘The yields of radical products of radiolysis, obtained from the be 
devondence of the oxidation of iron on the absorbed energy, showed the bona of 
considerable dsotove effect. ‘The influence of the hydrogen radical accep ors z ’ 
NQ»”, and U0,“* on the hydrogen and deuterium yields in the a and § radiolysis - 
light water and a radiolysis of heavy water was determined. It was found ee oe aa 
decrease of Hp yield is different 4n theso two media, This is due to the are 
in the radii of the Gaussian distribution of the H and D radicals, and also to the 
difference in the rate constants of the reactions between the radicals and tho accep- 
tors. Orig. art. hast 5 figures, 3 tables, and 9 formulas, 
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PHASE I BOOK EXPLOITATION SOV/1624, 
Kulikov, Ivan Georglyevich 


eel 
Akkumulyatory (Storage Batteries) Moscow, Voyen. izd-vo M-va oborony SSSR, 
1958. 118 p. No. of copies printed not given, 


P. Shiryayev, Captain-Engineer; Tech. Ed.z A. N. Mednikova, 
PURPOSE: ‘This book is intended for sergeants and officers operating various 
radio equipment. It also may be useful to those interested in the structure 
and operation of various types of storage batteries. 


COVERAGF: The book explains in popular form the construction and operation of 


lead, alkaline and sintered-plate storage batteries. It provides comparison 
tables and recommends methods of charging, discharging, maintenance and 
storage. No personalities are mentioned. There are no references. 
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Using radioactive tracere to investigate the kinotics of reactions 
between metal and slag. Sbor.Inst.stali no.32:54-78 '54, 
(MLRA 10:5) 
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(Diffusion)~(Radioactive tracers) 
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Kulikov, I. S., Moscow 


Some questions on the theory of slag 
Izv. AN SSSR, Otd. Tekh. Nauk 2, 113-121, Feb 1955 


Reviews investigations on the activity of slag components in relation to 
their concentration, on their thermal relationship, and on the partial 
heat of solution of slag components. Essentially a review of the work 
of other researchers. Diagrams, formulae, table. Nine references, 6 
USSR. 
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USSR/ Physical Chemistry - Thermodynamics. Thermochemistry. Equilibrium. B-8 
Physicochemical analysis. Phase transitions 


Abs Jour : Referat Zhur - Khimiya, No 4, 1957, 11148 


: : Ivanov L.I., Kulikovy I.S., Matveyeva M.P. 
~ Inst : Department of Technical Sciences, Academ of Sciences USSR 
» : Method for Determning Vapor Tension and Diffusion Constants 


~ Orig Pub : Izv. AN SSSR, Otd. tekhn, n., 1955, No 8, 145-147 


Abstract : A method has been developed for determining vapor pressure of components 

and diffusion constants in metal alloys. In a chamber are placed, one a- 
pove the other, two samples of the same chemical composition one of which 
contains a radioactive isotope. ‘The samples are placed into ceramic hol- 
ders which are inserted in Mo-pans. A vacuum (10~° - 10-7 mm Hg) 4s pro- 
duced: in the unit and heating is effected by means of an induction furnace. 
On heating the apparatus is disconnected from the pumps and & vapor pres- 
sure of the components of the alloy, corresponding to the experiment tem- 

a perature, becomes established therein. A reaction of isotope exchange ta- 

= kea place between the samples, which can be followed by observing the ra- 

dioactivity increase of the inactive sample. Temperature is measured 
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ussR/ Physical. Chemistry - Thermodynamics. Thermochemistry. Equilibrium. B-8 
Physicochemical analysis. Phase transitions 


Abs Jour : Referat Zhur - Khimiya, No 4, 1957, 11148 


with a Pt - PtRh thermocouple and is regulated within + ao, To decrease 
the reverse flow of radioactive atoms the surface area of the inactive 
: sample ig made 20-30 times greater than that of the active. Absolute a- 
. mount of evaporated component is determined, after cooling in vacuum, by 
comparison with radioactivity of a standard sample. Undér the described 
conditions kinetics of isotope ecchange is determined by the rate of eva- 
poration of the tagged component from the radioactive sample and the ve- 
locity of diffusion flow of tagged component from internal layers to the 
surface of radioactive sample. The inclination angle of the linear por- 
tion of Q = f{t) curve (Q --amount of substance evaporated from the ac- 
tive sample) serves to determine the rate of evaporation. A forma for 
determining the diffusion coefficient has been derived. ‘The method has 
been checked with technical iron over the temperature range 1120-1255°. 
A good agreement with literature data has been attained. If the rate of 
evaporation is high and the curve has no linear portion a diaphragm with 
a& small aperture can be inserted between the samples. 
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